Three strains of Streptococcus faecalis examined by negative-staining showed the presence of flexible, peritrichous fimbriae on the cell surface. These structures were up to 0 4 pm long and 4-5 nm in diameter. The numbers of fimbriae per cell varied from a few to hundreds, and not all cells in a culture were fimbriate. Two strains were selected for particular study: strain JH2, which is plasmid free, and strain JH3, which carries a self-transferable plasmid, pJH3. Fimbriation varied with the growth phase and was maximum in late-exponential phase for strain JH2, and early-stationary phase for strain JH3. The maximum percentage of fimbriate cells produced was within the range 75-90% for strain JH2 and 40-53 % for strain JH3.
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Three strains of Streptococcus faecalis examined by negative-staining showed the presence of flexible, peritrichous fimbriae on the cell surface. These structures were up to 0 4 pm long and 4-5 nm in diameter. The numbers of fimbriae per cell varied from a few to hundreds, and not all cells in a culture were fimbriate. Two strains were selected for particular study: strain JH2, which is plasmid free, and strain JH3, which carries a self-transferable plasmid, pJH3. Fimbriation varied with the growth phase and was maximum in late-exponential phase for strain JH2, and early-stationary phase for strain JH3. The maximum percentage of fimbriate cells produced was within the range 75-90% for strain JH2 and 40-53 % for strain JH3.
Both strains showed a decrease in the percentage of fimbriate cells in stationary phase dropping very rapidly in strain JH2 and less rapidly in strain JH3. Fimbriae were present on cells grown under a variety of environmental conditions. No surface structures unique to the plasmid-containing strains were found.
I N T R O D U C T I O N
As yet, very few Gram-positive species have been shown to carry fimbriae, compared with the large number of Gram-negative species known to possess them. Peritrichous fimbriae have been found on Actinomyces viscosus (Cisar & Vatter, 1979) and Corynebacterium renale (Yanagawa et al., 1968) . Henriksen & Henrichsen (1975) observed tufts of thin polar fimbriae on strains of Streptococcus sanguis isolated from the human pharynx and Handley & Carter (1979) reported peritrichous fimbriae on a small proportion of Streptococcus mitior strains isolated from periodontal abscesses.
The work reported here employs the technique of negative-staining to reveal the presence of fimbriae on two well-characterized strains of Streptococcus faecalis. Strain JH2 is plasmid free (Jacob & Hobbs, 1974 ) and strain JH3 carries one self-transferable plasmid (Jacob et al., 1975) . This paper describes the morphological characteristics of fimbriae on strains JH2 and JH3 and presents results showing that the number of fimbriate cells found in a batch culture depends upon the phase of growth. Surface structures unique to the plasmid-carrying strain were not observed.
M E T H O D S
Organisms. Three strains of Streptococcus faecalis were used. Strain JH1 contains two plasmids, pJH1 and pJH2 (Jacob & Hobbs, 1974; Jacob et al., 1975) ; strain JH2 is plasmid free (Jacob & Hobbs, 1974) ; strain JH3 contains one plasmid, pJH3, which carries genes for haemolysin production (Hly+), bacteriocin production (Ben+), and bacteriocin resistance (Bnr+) (Jacob & Hobbs, 1974) .
Media. The organisms were maintained in Brain Heart Infusion (BHI, Oxoid) broth supplemented with 0.3% (w/v) yeast extract (Oxoid). Subcultures were made on BHI agar with 5 % (v/v) horse blood added.
Growth conditions. Streptococcus faecalis strain JH3 was grown under the following conditions: (a) static BHI
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broth at 33. 37 and 44 OC and (b) boiled BHI broth covered with paraffin for anaerobic growth. For batch culture experiments with all strains, BHI broth was inoculated with cells from a static overnight culture and incubated with shaking at 37 O C . Samples were taken for electron microscopy during the exponential and stationary phases of growth.
Electron microscopy. Grids covered with carbon-coated Formvar were plasmaglowed in a Nanotech 300s
coating unit to produce a hydrophilic surface. For negative-staining, a drop of 1 % (w/v) methylamine tungstate (Emscope, Ashford, U.K.) was added to a turbid drop of cells on the grid. Excess liquid was dried off with filter paper. Micrographs were taken using a Corinth 5 0 0 electron microscope. The microscope magnification was calibrated using a catalase crystal (Agar Aids, Stansted, U.K.). 
R E S U L T S

Morphology ofjimbriae
All three strains examined showed some fimbriate cells. The fimbriae were flexible, peritrichous structures up to 0.5 pm long and 4.5 nm in width in all three strains. The fimbriae showed no definite substructure and were irregular in outline (Fig. 1 a) . The density of fimbriation varied considerably from cell to cell, from very dense to sparse. After aerobic growth in shaken BHI broth cultures, samples of all three strains taken during stationary phase showed the fimbriae extending into skeins of tangled fibrillar material (Fig. 1 b) . This apparent extension of fimbriae was never observed during exponential growth. A small number of cells of strains JH2 and JH3 produced large dense masses of very tightly packed fibrous material (Fig. 1 c) , structurally distinct from the fimbrial bundles shown in Fig. 1 (b) , but also produced from the cell surface. The appearance of this material did not coincide with any particular period of growth.
Response of S . faecalis strain JH3 to drflerent growth conditions
Samples of strain JH3 were taken at 18 h from static BHI broth cultures incubated at 33, 37 and 44 "C; the percentage of fimbriate cells was 44%, 15% and 27%, respectively. Anaerobic growth for 18 h in BHI at 37 "C produced 43% fimbriate cells, and 18 h growth in static BHI broth plus 1 % (w/v) glucose at 37 "C produced 29% fimbriate cells.
Variation in number offimbriate cells with growth phase
During growth in aerated BHI broth at 37 OC, both strain JH2 and strain JH3 showed an increase in numbers of fimbriate cells during exponential phase. In strain JH3, fimbriation rose to a maximum of 53 % of the cells present after 240 min and subsequently the numbers of fimbriate cells decreased (Fig. 2) . The numbers of fimbriate cells eventually dropped to 15-25% after 18 h growth. The percentage of fimbriate cells of strain JH3 was never observed to be below 15%. Each time strain JH3 was assessed for changes in the percentage of fimbriation during batch culture, slightly different counts were obtained. Samples taken during late-exponential phase gave counts between 40% and 53%. The mean values for two sets of results for strain JH3 are plotted in Fig. 2 .
The rate of increase in the number of fimbriate cells of S . faecalis strain JH2 (Fig. 2) , grown under the same conditions as strain JH3, was much greater than in strain JH3. The maximum number of fimbriate cells occurred between 120 and 150 min, while the culture was still in the exponential phase of growth. Subsequently the percentage of fimbriate cells decreased very rapidly, reaching 14 % at 360 min. Counts made on samples taken at 150 min (late-exponential phase) during different experiments usually gave figures of 65-70 % fimbriate cells, but one sample gave a count of 92%. After 18 h growth in BHI broth, the percentage of fimbriate cells dropped to between 15 % and 30%, a very similar value to that observed in strain JH3. 
D I S C U S S I O N
The term 'fimbriae' has been used here to describe the S. faecalis surface structures, as 'fimbriae' has priority of usage over 'pili' (Duguid et al., 1955) . In numbers, distribution on the cell surface, diameter and length, the S. faecalis structures fit the general description of fimbriae suggested by Ottow (1 975). In comparison with most other fimbriae, the S. faecalis fimbriae are thin and short (4-5 nm and (0.5 p respectively); fimbriae can vary from 3 to 14 nm in width and their length can reach 20 pm (Ottow, 1975) . A peritrichous arrangement of fimbriae is quite common although many examples of polar fimbriae have been recorded. The numbers of fimbriate cells in strains JH2 and JH3 depended upon the stage of growth in batch culture, a property not yet reported for any other fimbriate Gram-positive species. In Gram-negative genera, particularly in species of Enterobacteriaceae, variation in the proportion of fimbriate cells during exponential phase is well documented ).
The fimbriae of S. faecalis strain JH3 had not responded in any obvious way to variations in environmental conditions when counts were made after 18 h. Fimbriae were always produced on a proportion of cells, irrespective of the incubation temperature, whether glucose was present and whether growth was aerobic or anaerobic. Under the conditions tested the counts ranged from 15 % to 44 %.
However, during growth in aerated broth at 37 "C the numbers of fimbriate cells of strains JH2 and JH3 varied throughout the growth cycle. The cycle of appearance and disappearance of the fimbriae in the two strains was different. The reason for this is unknown. Strain JH3 cames a plasmid and further work is necessary to ascertain whether the presence of one or more plasmids could influence the numbers of fimbriae during batch culture growth.
Plasmid transfer occurs from strain JH3 to strain JH2, probably by a conjugation mechanism (Jacob & Hobbs, 1974) . Since both strains carry fimbriae, this may imply that the fimbriae do not play a role in plasmid transfer. However, such a role cannot be completely ruled out. Of possible relevance is the observation that the common adhesive fimbriae of Shigella flexneri strongly enhance transfer of the ColI factor between strains. The presence of fimbriae on the receptor strain greatly enhanced the rate of transfer, but the presence of fimbriae on donor cells did not affect the transfer rate (Mulczyk & Duguid, 1966) . So far, attempts to identify surface structures which might be associated with plasmid transfer in streptococci have failed, and any possible relationship of fimbriation to plasmid transfer has not been investigated.
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